Modulating the concentration of the actin-binding protein Ena/Vasp within the lamellipodium of a migrating fibroblast results in marked changes in lamellipodium behaviour and actin network organization at the cell's leading edge. This can explain a cell motility paradox. 
motility: protrusion of the lamellipodium at the front of the cell; cell body translocation; and rear margin retraction and release [7] . During cell migration, the overall distance the entire cell moves forward is proportional to the net distance the lamellipodium protrudes. The overall cell speed is thus proportional to the net protrusion rate. The observed Ena/Vasp-mediated reduction in overall cell speed [4] is therefore an expected consequence of the way these proteins induce a decrease in net protrusion rate [5] . But protrusion per se is not required for forward movement of the cell body and rear [8, 9] . This argues that the decrease in overall cell speed when the net protrusion rate is decreased by Ena/Vasp more likely reflects a pathway(s) for overall coordination that must exist between subtypes of cell motility during cell migration. Of course, Ena/Vasp may also directly regulate forward movement of the cell body and rear independently of lamellipodium protrusion.
Hints to how Ena/Vasp may coordinate the variety of dynamic cytoskeletal processes that contribute to cell movements have come from studies of Ena/ Vasp depletion [5] . In Ena/Vasp-depleted lamellipodia ( Figure 1B In these experiments [5] , only a change in filament length, and not in branching frequency, appeared to be important in switching between transient and persistent lamellipodium protrusion. Filament branching is, however, required for the initiation of protrusion during the initial conversion of a resting cell to a migrating cell [11] . This may uncover a role for filament branching in another type of lamellipodium protrusion behaviour not obvious in the rat2 system, but one perhaps more specific to initiation of cell migration. Another possibility that will need to be tested is whether the Ena/Vasp-regulated switch in lamellipodium protrusion behaviour depends on Ena/Vasp function only in the lamellipodium and not in focal adhesions, as found for Ena/Vasp control of cell speed [4, 12] .
While these data neatly explain the paradox, Bear et al. [5] did not explicitly consider morphological cell polarity, which is abolished when Ena/Vasp is in excess in the lamellipodium (cited as unpublished observations); in these conditions, instead of there being a single lamellipodium at the front of the cell, many lamellipodia protrude all the way around the cell. As productive forward movement of a migrating cell requires protrusion of a single lamellipodium at the front of the cell, Ena/Vasp-induced protrusion of multiple, depolarized lamellipodia is expected to reduce cell migration speed or even completely inhibit migration. Clearly, maintaining a single lamellipodium and controlling net protrusion rate are both important requirements for regulating overall cell migration speed and cell behaviour. Regardless of the precise molecular mechanism underlying Ena/Vasp regulation of cell migration speed, it is clear that lamellipodium behaviour itself is modified when actin network organization within the leading edge is altered. The question is, how?
In the elastic Brownian ratchet model [13] , lamellipodial protrusion involves actin filament bending, which allows intercalation of monomers between the filament end and the plasma membrane; subsequent filament re-straightening provides the force to push out the membrane. The actin network must be anchored by crosslinks or links to the substratum so that force from filament re-straightening drives the membrane forwards, rather than driving the network backwards.
The actin filaments must be long enough to bend and intercalate (assemble) monomers effectively, but short and therefore stiff enough to push effectively against the membrane. Amazingly, the experimental data of Bear et al. Maximum protrusive force, and thus the fastest rate of instantaneous protrusion, is predicted to be obtained at a free-filament length of about 120nm. This is exactly the measured free-filament length and protrusive behaviour of lamellipodia containing excess Ena/Vasp. Conversely, in Ena/Vasp depleted lamellipodia, the free-filament length is about 50nm, which falls below the lower optimal length limit of 70nm, explaining slower instantaneous protrusion rate in this situation.
There is, however, a price to pay for the fast instantaneous protrusion seen with the longer 120nm filaments. Opposing the protrusive force is membrane tension which acts to pull back (retract) the lamellipodium. The shorter, 50nm filaments would be incredibly stiff and much better at resisting membrane tension, allowing more persistent protrusion, whereas lamellipodia containing the longer and less stiff 120nm filaments would tend to retract more frequentlyboth are consistent with the experimental data. As well as these biophysical points there are also biochemical considerations. As G-actin is limiting for filament assembly in the lamellipodium of migrating cells [14] , Ena/Vasp promotion of instantaneous protrusion, and thus filament assembly rate, may transiently deplete the local G-actin fuel required for further assembly. This would transiently destabilize the lamellipodium, explaining the increased retraction frequency in these cells, until more fuel is provided by recently disassembled actin filaments, as required in migrating cells [8] . 
